The paper presents some analytical results of the theory of coherent synchrotron radiation (CSR) describing the case of finite curved track length.
INTRODUCTION
Analysis of project parameters of linear colliders [l, 3, 41 shows that the effects of coherent synchrotron radiation of short electron bunches passing bending magnets influence significantly on the beam dynamics (see, e.g., [5, 61) . The first investigations in the theory of coherent synchrotron have been performed about fifty years ago [7, 8, 91 . In these papers the main emphasis was put on the calculations in far zone of CSR produced by a bunch of relativistic electrons moving on a circular orbit. Another part of the problem, namely that of the radiative interaction of the electrons inside a bunch has been studied for the first time in refs. [lo, 111 and later in refs. [5, 121 where the energy loss along the bunch has been calculated. The results of the above mentioned CSR theories are valid for a model situation of the motion of an electron bunch on a circular orbit and do not describe the case of an isolated bending magnet. The first analytical results describing this case have been presented in ref.
[ 131. In particular, analytical expressions have been obtained for the radiative interaction force, for the energy loss distribution along the bunch and for the total energy loss of the bunch. The criterium for the applicability region of the previous theories to the case of a finite magnet length has been derived. In this report some analytical results of ref.
[ 131 are presented.
RESULTS FOR A RECTANGULAR BUNCH
Let us consider a rectangular bunch of the length l b passing a magnet with the bending angle 4m and the bending radius R. We use the model of ultrarelativistic electron bunch with a linear distribution of the charge (zero transverse dimensions) and assume the bending angle to be small, q5m << 1.
We neglect the interaction of the bunch with the chamber walls assuming the electrons to move in free space. The total number of particles in the bunch is equal to N and the linear density is equal to X = N/lb.
When the electron bunch passes the magnet, the electromagnetic field slips over the electrons due to the curvature and the difference between the electron's velocity and velocity of light c. The slippage length L, 1 is given by the expression:
where y is relativistic factor. When applying the results of steady-state CSR theory (periodical circular motion) to the case of isolated magnet it is assumed usually that the bunch length is much shorter than the slippage length. To obtain more correct criterium for the applicability region one has to develop more general theory including transient effects when the bunch enters and leaves the magnet. Such an investigation has been performed in ref.
[ 131. In particular, it has been stressed that the radiation formation length of the order of lby2 before and after magnet plays an important role in CSR effects. In practically important case when the conditions y& >> 1 and R/y3 << l b < L, 1 are satisfied, the expression for the total energy loss of the bunch can be written in the following form [ 131: where e is the charge of the particle and The first term in eq. (2) is the solution obtained in the framework of steady-state approach (see, e.g., refs. [9, 11, 51) . Therefore, with logarithmical accuracy we can set the applicability region of the results of the steady-state theory for the case of a finite curved track length:
In particular, the steady-state theory provides completely incorrect results for the case of the electron bunch much longer than the slippage length, l b >> L,1. In this case the energy losses of the particles in the bunch due to CSR are proportional to the local linear density and take place mainly after the magnet [13] . For a "short" magnet, yq5m <( 1, the total energy loss of rectangular bunch is equal to (4) 0-7803-4376-X/98/$10.00 0 1998 EEE The energy loss of the rectangular bunch passing a "long" magnet, y$m >> 1, is equal to:
These results has been obtained in ref.
[ 131 by means of calculation the radiative interaction of the electrons in the bunch. It is interesting to compare the total energy loss of the bunch with the energy of coherent radiation in far zone. The radiation energy in far zone can be calculated as an integral over frequency of the spectral density of the radiation energy:
where q(w) is the bunch form factor (squared module of the Fourier transform of the linear density distribution). The form factor for the rectangular bunch of the length l b is given by the expression:
Function dW/dw entering eq. (6) is the spectral density of the radiation energy of a single electron. The angular and the spectral characteristics of the radiation of an electron moving in an arc of a circle have been studied in ref.
[ 141'. It has been shown that the spectrum of the radiation emitted by an electron moving in an arc of a circle differs significantly from that of conventional synchrotron radiation of an electron executing periodical circular motion. In the latter case the spectral density at low frequencies is proportional to w1l3 [ 161. In the case of a finite curved track length the spectral density is constant at w ---$ 0. When the bending angle is small, q5m << 1, the spectral density of the radiation energy emitted by ultrarelativistic electron is function of the only parameter y$m [14] :
It is easy to obtain that in the case of a "long" magnet,
~q 5~
>> 1, the energy of coherent radiation (9) coincides exactly with the bunch energy loss given by eq. (5) taken with opposite sign. In the limit of a "short" magnet, r q5m << 1, there is also complete agreement between formulae (9) and (4).
BUNCH WITH AN ARBITRARY DENSITY PROFILE
The solutions obtained in ref.
[I 31 for the rectangular bunch can be generalized for the case of an arbitrary linear charge density. We present here the results of the calculation of the transition process when the bunch enters the magnet. Let the bunch have the density distribution X(s) which satisfies the condition
y . 7
Under this condition the rate of the energy change of an electron is given by the expression [13]:
--
ds' dX(s')
(1 1)
where s is the position of the electron in the bunch and q5 is azimuthal angle. Taking into account formula (7) we can estimate that typical frequencies of the coherent radiation are below the fre- Function G(6,p) reduces to at p << 1. In the opposite case, at p ---$ 00, expression (14) tends to the steady-state solution [ l l , 5, 121. In Fig.1 
